Introduction
Acridine and 1,2,3,4-tetrahydroacridine derivatives, well known as DNA intercalates, have been widely studied from a variety of viewpoints such as synthesis [1, 2] , physicochemical properties [3, 4] , structural requirements [5] and biological activities [6, 7] . Due to a polycyclic planar structure, acridine and its derivatives intercalate within DNA and RNA by forming hydrogen bonds and stacking between base pairs resulting in DNA cross links and strand breaks [8] . A variety of natural and synthetic acridine derivatives have also been tested for antimalarial [9] , anti-inflammatory [10, 11] and analgesic [12] activities and some of them have been approved for chemotherapy.
The 1,2,4-triazole nucleus has been incorporated into a wide variety of therapeutically important agents. Ribavirin (antiviral), Letrozole and Anastrozole (antitumor) are some examples of drugs containing the 1,2,4-triazole moiety [13] [14] [15] [16] [17] . 1,3,4-Thiadiazole derivatives are another important class of heterocycles due to their biological activities. The only commercially available 1,3,4-thiadiazole drugs are Desaglybuzole, Acetazolamide and Furidiazine [18] [19] [20] . Moreover, 1,3-thiazoles recently found application in drug development for the treatment of hypertension [21] , schizophrenia [22] , HIV infections [23] and as new inhibitors of bacterial DNA gyrase B [24] . Furthermore, 1,3-thiazine derivatives have antibacterial [25] and cannabinoid receptor agonist [26] activity.
In view of the above mentioned findings and in continuation of our efforts [27] [28] [29] to identify new candidates that may be of value in designing new and potent antimicrobial agents, we decided in the present work to synthesize new 1,3-thiazole, 1,3,4-thiadiazole, 1,2,4-triazole and 1,3-thiazine derivatives bearing acridine and 1,2,3,4-tetrahydroacridine moieties in order to investigate their antimicrobial activities.
Experimental

Instrumentation
Melting points were determined on a digital Stuart SMP-3 apparatus. Infrared spectra were measured on Perkin-Elmer 293 spectrophotometer (cm -1 ), using KBr disks. 1 H NMR spectra were measured on Gemini-200 spectrometer (200 MHz), using DMSO-d6 as a solvent and TMS (δ) as the internal standard. Elemental microanalyses were performed at Microanalysis Center in National Research Center, Giza. Mass spectra recorded on a Gas Chromatographic GCMSqp 1000 ex Shimadzu instrument at 70 eV. The purity of the synthesized compounds was checked by thin layer chromatography (TLC). Evaluation of antimicrobial activities was carried out by the Faculty of Agriculture for Girls, Al-Azhar University, Nasr City, Cairo, Egypt.
4(Acridin9yl)1(1,2,3,4tetrahydroacridin9ylcarbon yl)thiosemicarbazide (4)
Equimolar amounts of 9-isothiocyanatoacridine (2) (0.005 mol, 1.18 g) and 1,2,3,4-tetrahydroacridine-9-carbohydrazide (3) (0.005 mol, 1.20 g) in ethanol (20 cm 3 ) was heated to reflux for 2 h, whereupon a solid product was separated out during heating (Scheme 1). The reaction mixture was cooled and the separated product was filtered off, washed with water, dried and recrystallized from dilute DMF. Yield 52%. M. 
4(9Acridinyl)5(1,2,3,4tetrahydroacridin9yl)2,4 dihydro3H1,2,4triazole3thione (12)
A solution of 4 (0.005 mol, 2.38 g) in 5% sodium hydroxide (20 cm 3 ) was heated to reflux for 2 h. The reaction mixture was filtered off while hot, then cooled and acidified with dilute HCl to pH6. The separated product was filtered off, washed well with water till neutral washings, dried and recrystallized from dilute DMF. Yield: 63%. M. 
Results and Discussion
Synthesis
Treatment of 9-chloroacridine (1) [30] in absolute ethanol with potassium thiocyanate afforded the corresponding 9-isothiocyanatoacridine (2) [31] (Scheme 1). Compound 2 was refluxed for 2 h with 1,2,3,4-tetrahydroacridine-9-carbohydrazide (3) [32] in DMF, yielding 4-(acridin-9-yl)-1-(1,2,3,4-tetrahydroacridin-9-ylcarbonyl)thiosemicarbazide (4) (Scheme 1). The IR spectrum of 4 showed three characteristic absorption bands at 3275, 3238 and 3181 cm -1 due to three NH functions in addition to the carbonyl absorption band at 1634 cm -1 . Its 1 H NMR spectrum revealed three characteristic signals (D2O exchangeable) at  8.62, 8.87 and 11.80 ppm assigned to three NH protons. Also, its mass spectrum showed the molecular ion peak at m/z 478 [M+H] and the base peak at m/z 123.
Scheme 3
Thiosemicarbazide derivative 4 represents versatile synthons for several sulfur-nitrogen heterocycles. Thus, compound 4 reacts with chloroacetone in DMF containing piperidine as a base catalyst to give the product identified as N-[2-(9-acridinylimino)-4-methyl-1,3-thiazol-3(2H)-yl]-1,2,3,4-tetrahydroacridine-9-carboxamide (7) and not compound 6 (Scheme 2). The reaction proceeds via nucleophilic substitution attack of chloroacetone by the thiosemicarbazide sulfur atom (after tautomeric shift to the thiol form with the hydrogen emanating from either N2 or N4) to remove hydrogen chloride. The first step may afford either of the two possible tautomeric intermediates, 5A or 5B (Scheme 2), which are then able to undergo differing reaction routes to form either of the cyclic products 6 or 7. (A third tautomeric intermediate 5C, in which the HN-10' tautomer is also plausible and indeed likely, but it must transpose into either 5A or 5B for the final step of the cyclization reaction to occur) [33, 34] . Several recent articles reported [34] [35] [36] that when acridin-9-yl moiety was comprised of phenyl and pyridinyl moieties, the tautomer 5B was thermodynamically more favorable while the tautomer 5A was kinetically more disfavored, i.e. acridin-9-yl is better at conjugation and/or electron withdrawal in comparison to phenyl and pyridinyl positioned at N4 of thiosemicarbazide moiety, resulting in 7 to be produced exclusively. The structure of the latter product 7 was confirmed by its elemental and spectral data. Its IR spectrum showed absorption bands of the amide group at 3181 and 1635 cm -1 which is due to NH and C=Oamide groups, respectively. Also, its mass spectrum did not show the molecular ion peak but showed a peak at m/z 338 (M−acridine moiety) and the base peak at m/z 195 which is due to 9-aminiumacridine cation.
It is known that the thiosemicarbazide reacts with halocarbonyl compounds (e.g. ethyl bromoacetate, chloroacetic acid) yielding 1,3-thiazolidinone derivatives [37, 38] . Thus, two new isomers of 1,3-thiazolidinone derivatives 8 and 9 were obtained by cyclocondensation of 4 with chloroacetyl chloride and chloroacetic acid, respectively (Scheme 3). The structures of the latter products 8 and 9 were confirmed by the appearance of C=Othiazolidinone, C=Oamide, and NH bands at 1703-1718, 1636-1627 and 3240-3100 cm -1 , respectively. The elemental analysis, IR and mass spectra of 8 and 9 confirmed the existence of water molecules in their crystallized states due to forming strong hydrogen bonds with water ( Figure 1 ). Also, the 1 H NMR spectra of 8 and 9 revealed the methylene protons at  3.93 and 3.83 ppm, respectively. Moreover, its mass spectrum showed the molecular ion peak at m/z 498 (6 %).
The vast pharmaceutical activities of the 1,3,4-thiadiazole and 1,2,4-triazole derivatives [14, 19] encouraged us to synthesize bis(acridinyl)thiadiazole/triazole derivatives of potential biological interest. Thus, cyclodehydration of 4 with concentrated sulfuric acid afforded 2-(9-acridinylamino)-5-(1,2,3,4-tetrahydroacridin-9-yl)-1,3,4-thiadiazole (11), whereas its cyclization under reflux in sodium hydroxide solution afforded 4-(9-acridinyl)-5-(1,2,3,4-tetrahydroacridin-9-yl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (12) (Scheme 4) [38] . The structures of the latter products 11 and 12 were established on the basis of their elemental analysis and spectral data (See experimental section). Agar-diffusion technique was used for the determination of the preliminary antibacterial and antifungal activities [40, 41] . Cephalothin, Chloramphenicol and Cycloheximide were used as reference drugs for Gram positive bacteria, Gram negative bacteria and fungi, respectively. The results were recorded for each tested compound as average diameter of inhibition zones of bacterial or fungal around the disks in mm at the concentrations of 1 and 2 mg/mL (Tables 1 and 2 ). The minimum inhibitory concentrations (MIC) for the compounds which showed growth inhibition zones >12 mm, were estimated by broth dilution assay [42] . 
N-[2-(9-Acridinylimino)-5-cyano-4-imino-6-(methylthio)-
2H-1,3-thiazin-3(4H)-yl]-1
1)
The results depicted in Tables 1 and 2 revealed that most of the synthesized compounds were found to possess various antimicrobial activities towards all the microorganisms tested.
2)
In general, most of the synthesized compounds have better activities against the microbial strains in comparison with the starting material 4 as a result of the construction of the bioactive heterocycles bearing two moieties of acridine derivatives.
3) Most of the synthesized compounds showed none or less inhibition at 1 mg/mL and moderate inhibition at 2 mg/mL concentrations.
4)
Compounds 9, 12, 15 and 16 were found to possess high inhibition activities at 2 mg/mL concentration against most microorganisms.
5)
The results of the MIC values of the selected compounds in all cases were more than 500 µg/mL except for compounds 9, 12, 15 and 16. 6) Compound 15 showed MIC values of 62.5 µg/mL against S. aureus (ATCC 25923) and F. oxysporum and 125 µg/mL against S. pyogenes (ATCC 19615), P. phaseolicola (GSPB 2828), P. fluorescen (S 97) and A. fumigats, whereas compound 16 showed MIC values of 125 µg/mL against all microbial strains. The bioactivities of the latter compounds may be due to the presence of methylthio and nitrile groups. 7) Compound 9 which contains the bioactive thiazolidinone moiety, showed MIC value of 125 µg/mL against all microbial strains. 8) Compound 12 showed MIC value of 62.5 µg/mL against all microbial strains and this noticeable activity may be due to the presence of the 1,2,4-triazolethione moiety. 9) In conclusion, compounds 9, 12, 15 and 16 are nearly as active as the reference drugs. However, none of them show superior activities compared to the reference drugs.
